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1
SOFTWARE UPGRADING IN A NETWORK

This application 1s a371 of International Application PCT/
EP2013/061381, filed Jun. 3, 2013, which claims the benefit

of U.S. Provisional Application No. 61/659,141, filed Jun. 13,
2012, the disclosures of which are fully incorporated herein
by reference.

BACKGROUND

Networks used for transferring data often make use of
payload compression to reduce the bandwidth requirements
of the network. One example of data compression 1s de-
duplication, which 1s based on shortening repeated data pat-
terns 1n a data stream. An example method of de-duplication
1s as follows:

1. The compressor 1dentifies a repeated data pattern (de-

noted G1) 1n the data stream.

2. The compressor replaces each occurrence of Gi1 with a
pointer Ni. The pointer 1s a reference to the pattern Gi in
a compression table (also referred to as a “code book™ or
state table).

3. The compressor repeats steps 1 and 2 for each repeated
data pattern.

4. The compressor sends the data stream to the decompres-
sor with each G1 replaced by the corresponding Ni. The
compressor also sends the compression table (or any
changes to the compression table) to the decompressor.

5. The decompressor recerves the data stream, and replaces
cach occurrence of a pointer N1 by the corresponding (1.

6. The data stream 1s then read by the recerver.

More advanced compression technology may include
transformations to increase the probability that a duplicate
can be found for a given sequence. Advanced compression
technologies include header compression, e.g. Robust
Header Compression (RoHC).

In practical applications, the compressor will not act on the
entire media stream at once. Instead, the compressor will
continually compress the stream as it 1s transmitted, 1denti-
tying and compressing repeated data patterns as 1t goes along.
This allows the stream to be transmitted 1n real time. How-
ever, when the compressor 1s first mnitialised, it must “learn™
the repeated patterns for the data that flows through it, and so
the compression algorithm takes significant time to converge
(1.e. approach maximum efliciency). This 1s shown 1n FIG. 1.

If the compression software 1s updated, then the existing
compression table may notbe usable. In this case, the updated
soltware will be required to generate a new compression
table. While the updated software may run more efliciently
once converged, this causes the flow of data over the network
to be much less eflicient until convergence 1s achieved, as
shown 1n FI1G. 2. This 1s clearly a problem for network opera-
tors, who must then balance long-term efliciency over short-
term disruptions to the network.

Therelore, there 1s a need to ensure that software upgrades
can be performed seamlessly 1n a system such as that in FIG.
3. The compression soitware includes both a compression
and a decompression function. In the arrangement shown 1n

FIG. 3, only the compressor 1s used in the left hand node, and
only the decompressor in the right hand node. However, such
a system may support bi-directional flows of data.

There are no known solutions for seamless upgrades to
compression software. Existing architectures will generate
unpredictable system performance during the upgrade such
as described above.

SUMMARY

According to a first aspect of the present invention, there 1s
provided an apparatus configured to operate as a compressor
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2

and/or decompressor. The apparatus comprises a compres-
s1on/decompression processor and an update handler. The

compression/decompression processor 1s for processing and
delivering real-time data using existing compression/decoms-
pression software. The update handler 1s for deactivating the
existing compression/decompression software and configur-
ing the compression/decompression processor to use
upgraded, trained compression/decompression software.

According to a second aspect of the present invention, there
1s provided an apparatus configured to operate as a compres-
sor and/or decompressor. The apparatus comprises a storage
handler and an upgrade handler. The storage handler 1s for
storing a compression table of existing compression/decom-
pression software. The upgrade handler 1s for deactivating the
ex1sting compression/decompression software and activating
upgraded compression/decompression software to process
and deliver real-time data in dependence upon the compres-
sion table.

According to a third aspect of the present invention, there 1s
provided a method of updating data compression software.
Real-time data 1s used to train upgraded compression/decoms-
pression software. A compressor and/or decompressor func-
tion processes and delivers the real-time data using an exist-
ing compression/decompression  software. Following
completion of the training process, the compressor and/or
decompressor deactivates the existing compression/decoms-
pression software and activates the upgraded compression/
decompression software to process and deliver the real-time
data.

According to a fourth aspect of the present invention, there
1s provided a method of updating data compression/decoms-
pression software. A compressor and/or decompressor func-
tion stores a compression table of existing compression/de-
compression soitware. The compressor and/or decompressor
function then deactivates the existing compression/decoms-
pression software and activates upgraded compression/de-
compression software to process and deliver real-time data 1n
dependence upon the compression table.

According to a fifth aspect of the present invention, there 1s
provided a computer program comprising computer readable
code which, when run on an apparatus, causes 1t to behave as
an apparatus or perform a method according to any of the
above aspects. The computer program may be embodied on a
non-transitory computer-readable medium.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the bandwidth use over time of a com-
pressor/decompressor;

FIG. 2 illustrates the bandwidth use over time of a com-
pressor/decompressor over multiple update cycles;

FIG. 3 illustrates a system using data compression on a
point to point connection;

FIG. 4 illustrates the compression architecture prior to
performing a software upgrade;

FIG. § 1llustrates the an upgraded compressor/decompres-
sor module:

FIG. 6 illustrates the compression architecture during
training of the upgraded compressor/decompressor;

FIG. 7 illustrates the compression architecture after train-
ing 1s completed;

FIG. 8 1s a flowchart showing a method according to one
approach;

FIG. 9 illustrates schematically an apparatus for imple-
menting the method of FIG. 8;

FIG. 10 1s a flowchart showing a method according to a
turther approach; and
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FIG. 11 1llustrates schematically an apparatus for imple-
menting the method of FIG. 10.

DETAILED DESCRIPTION

There 1s a need to provide updated compression software
with a compression table which will allow it to operate ethi-
ciently as soon as 1t 1s activated.

A first solution mvolves “training’” the upgraded compres-
s10n software by copying real-time data inputs to the existing
(1.e. not upgraded) compression software and using them as
inputs to the upgraded compression software. A tlowchart of
such a method 1s shown 1n FIG. 8, and a compressor/decom-
pressor for implementing the method 1s 1llustrated schemati-
cally in FIG. 9.

The compressor/decompressor 10 includes a compression/
decompression processor 11, on which the compression/de-
compression soltware runs. The existing software 1s used to
process and deliver real-time data to the network S11, as
shown 1n FI1G. 4. This data 1s simultaneously used to train the
upgraded software S12 (as shown 1n FI1G. 6). The compressor
may be trained by iputting a copy of the real-time data
stream. The decompressor may be trained by mputting the
output of the compressor during training. In this way, the
compression tables of both the compressor and decompressor
should be synchronised, to ensure compatibility. This training
may be performed 1n a training processor 12 of the compres-
sor/decompressor. Alternatively, the training may be per-
formed ““in the cloud”, 1.e. 1n some other node. In the second
case, once the tramning 1s complete, the other node sends an
image of the trained upgraded software to arecerver 14 of the
compressor/decompressor. The training may comprise build-
ing up a compression table of data patterns Gi1 and their
respective signatures Ni.

In either approach, once the compressor/decompressor 10
has the upgraded, trained soitware, it activates an update
handler 13. The update handler 13 deactivates the existing,
compression/decompression software S13, and configures
the compression/decompression processor 11 to use the
upgraded compression/decompression soitware S14. This
switchover 1s 1llustrated 1n FIG. 7.

An alternative solution to the problem of minimising con-
vergence time 1s shown 1n the flowchart of FIG. 10, and a
suitable apparatus 1s illustrated 1n FIG. 11. The compression
table of the existing software i1s stored S21 by a storage
handler 21. This storage may be 1n a local memory unit, or on
a remote storage server. The update handler 22 deactivates the
existing soltware S21, retrieves the compression table, and
then activates the upgraded software using the compression
table S23. The upgraded software then uses the compression
table to process and deliver the real-time data.

The existing compression table will not represent perfect
convergence for the upgraded software, but 1s will be a con-
siderable improvement over starting with a “blank slate”. To
improve the convergence time still further, this approach may
be combined with the first approach, and the upgraded soft-
ware may be initialised within a training environment using,
the existing compression table 1n order to further improve
convergence.

In either solution, the switchover of soltware may be con-
trolled by an external management node, which instructs the
update handler 13 or 22 to initiate the switchover, and thus
ensures that all compressor/decompressor nodes of the net-
work perform the software upgrade simultaneously, ensuring,
that compatibility 1s maintained. Alternatively, switchover to
the new software may be triggered by one side of the link, e.g.
by the compressor mserting a control message into the data
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4

stream to cause the decompressor to switch versions, with the
compressor switching versions immediately before or after
sending the control message.

The compressor/decompressor may be located 1n anode 1n
a telecommunications core or radio access network.

Although 1llustrated as soitware, 1t should be noted that the
compressors, de-compressors, and/or nodes discussed herein
could be implemented e.g. by one or more of: a processor or
a micro processor and adequate software with suitable stor-
age therefore, a Programmable Logic Device (PLD) or other
clectronic hardware component(s). It should also be noted
that where a node or software element 1s referred to as a
compressor/decompressor or similar, this could refer to a
node or soitware element which acts as a compressor, a
decompressor, or both as appropriate.

It 1s to be understood that the choice of interacting units or
modules, as well as the naming of the units are only for
exemplilying purpose, and nodes suitable to execute any of
the methods described above may be configured 1n a plurality
of alternative ways 1n order to be able to execute the disclosed
process actions.

It should also be noted that the units or modules described
in this disclosure are to be regarded as logical entities and not
with necessity as separate physical entities. Although the
description above contains many specific terms, these should
not be construed as limiting the scope of this disclosure, but as
merely providing illustrations of some of the presently pre-
ferred embodiments of the technology disclosed herein. It
will be appreciated that the scope of the technology disclosed
herein fully encompasses other embodiments which may
become obvious to those skilled 1n the art, and that the scope
of this disclosure 1s accordingly not to be limited. Reference
to an element 1n the singular 1s not mntended to mean “one and
only one” unless explicitly so stated, but rather “one or more.”
All structural and functional equivalents to the elements of
the above-described embodiments that are known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed hereby. More-
over, 1t 1s not necessary for a device or method to address each
and every problem sought to be solved by the technology
disclosed herein, for 1t to be encompassed hereby.

In the preceding description, for purposes of explanation
and not limitation, specific details are set forth such as par-
ticular architectures, interfaces, techniques, etc. 1n order to
provide a thorough understanding of the disclosed technol-
ogy. However, 1t will be apparent to those skilled 1n the art that
the disclosed technology may be practiced 1n other embodi-
ments that depart from these specific details. That 1s, those
skilled 1n the art will be able to devise various arrangements
which, although not explicitly described or shown herein,
embody the principles of the disclosed technology. In some
instances, detailed descriptions of well-known devices, cir-
cuits, and methods are omitted so as not to obscure the
description of the disclosed technology with unnecessary
detail. All statements herein reciting principles, aspects, and
embodiments of the disclosed technology, as well as specific
examples thereot, are intended to encompass both structural
and functional equivalents thereof. Additionally, 1t 1s intended
that such equivalents include both currently known equiva-
lents as well as equivalents developed 1n the future, e.g., any
clements developed that perform the same function, regard-
less of structure.

Thus, for example, 1t will be appreciated by those skilled 1n
the art that block diagrams herein can represent conceptual
views of 1llustrative circuitry or other functional units
embodying the principles of the technology. Similarly, 1t will
be appreciated that any flow charts, state transition diagrams,
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pseudo code, and the like represent various processes which
may be substantially represented in computer readable
medium and so executed by a computer or processor, whether
or not such computer or processor 1s explicitly shown.

The functions of the various elements including functional
blocks, including but not limited to those labelled or
described as “compressor”, “decompressor’” or “node”, may
be provided through the use of hardware such as circuit hard-
ware and/or hardware capable of executing software 1n the
form of coded instructions stored on computer readable
medium. Thus, such functions and illustrated functional
blocks are to be understood as being either hardware-imple-
mented and/or computer-implemented, and thus machine-
implemented.

In terms of hardware implementation, the functional
blocks may 1nclude or encompass, without limitation, digital
signal processor (DSP) hardware, reduced instruction set pro-
cessor, hardware (e.g., digital or analog) circuitry including
but not limited to application specific integrated circuit(s)
(ASIC), and (where appropriate) state machines capable of
performing such functions.

The mvention claimed 1s:

1. An apparatus configured to operate as a compressor
and/or decompressor, the apparatus comprising;

a compression/decompression processor for processing
and delivering real-time data using existing compres-
s1on/decompression soltware;

a training processor for using the real-time data to train an
upgraded compression/decompression software and
building a compression table, wherein the upgraded
compression soltware 1s trained by 1nputting a copy of
the real-time data and the upgraded decompression soft-
ware 1s trained by inputting the output of the upgraded
compression software;

an update handler for deactivating the existing compres-
s1on/decompression software and configuring the com-
pression/decompression processor to use the upgraded,
trained compression/decompression software; and

a sender for sending a signal to indicate that the upgraded
compression/decompression software has been acti-
vated, wherein the compression/decompression proces-
sor 1s configured to 1nsert said signal into the real time
data.

2. The apparatus according to claim 1,

wherein the update handler 1s configured to deactivate the
ex1isting compression/decompression software and con-
figure the compression/decompression processor to use
the upgraded, trained compression/decompression soit-
ware 1n response to the training processor completing,
training the upgraded compression/decompression soit-
ware.

3. The apparatus according to claim 1, wherein the com-
pression table comprises data patterns and respective points
Or signatures.

4. The apparatus according to claim 1, further comprising;:

an 1mage recerver for receiving an image of the upgraded,
trained compression/decompression soltware.

5. The apparatus according to claim 1, wherein said appa-
ratus 1s configured to operate as a node 1n a telecommunica-
tions core or radio access network.

6. The apparatus according to claim 1, further comprising
a recerver for receiving a signal indicating that some other
node has activated the upgraded compression/decompression
software, wherein the upgrade handler 1s configured to deac-
tivate the existing compression/decompression software and
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6

activate the upgraded compression/decompression software
to process and deliver the real-time data 1n response to the
receiver receiving said signal.

7. An apparatus configured to operate as a compressor
and/or decompressor, the apparatus comprising:

a storage handler for storing a compression table of exist-

ing compression/decompression soltware;
a training processor for using real-time data to train an
upgraded  compression/decompression  software,
wherein the upgraded compression software 1s traimned
by mputting a copy of the real-time data and the
upgraded decompression soiftware 1s trained by input-
ting the output of the upgraded compression soltware;
an upgrade handler for:
deactivating the existing compression/decompression
software; and

activating upgraded compression/decompression soit-
ware to process and deliver the real-time data 1n
dependence upon the compression table of the deac-
tivated compression/decompression software.

8. The apparatus according to claim 7, wherein the storage
handler 1s configured to upload the compression table to a
storage node, and retrieve the compression table from the
storage node.

9. The apparatus according to claim 7, further comprising,
a memory unit, wherein the storage handler 1s configured to
store the compression table in the memory unit.

10. A method of updating data compression/decompres-
s1on soitware, the method comprising:

training an upgraded compression/decompression soit-
ware, wherein the tramning comprises using real-time
data to train the upgraded compression soitware and
using the output of the upgraded compression software
to train the upgraded decompression software, wherein
the training comprises building a compression table;

at a compressor and/or decompressor function:
processing and delivering the real-time data using an

existing compression/decompression software; and
following completion of the training process:
deactivating the existing compression/decompression
soltware; and activating the upgraded compres-
sion/decompression soltware to process and
deliver the real-time data.

11. The method according to claim 10, wherein the step of
training the upgraded compression/decompression software
occurs at the compressor and/or decompressor function.

12. The method according to claim 10, wherein the step of
training the upgraded compression/decompression software
occurs at a node other than a node comprising the compressor

and/or decompressor function, the method comprising:
at the other node:
sending an image of the trained, upgraded compression/
decompression soitware towards the compressor and/
or decompressor function;
at the compressor and/or decompressor function:
receiving the image of the trained, upgraded compres-
s1ion/decompression soltware.

13. The method according to claim 10, wherein the com-
pression table comprises data patterns and respective points
or signatures.

14. The method according to claim 10, wherein the com-
pressor and/or decompressor function 1s located at a node 1n
a telecommunications core or radio access network.

15. The method according to claim 10, further comprising
sending a signal to indicate that the upgraded compression/
decompression function has been activated.
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16. The method according to claim 10, further comprising
performing the steps of deactivating the existing compres-
sion/decompression soltware and activating the upgraded
compression/decompression soltware to process and deliver
the real-time data 1in response to recerving a signal indicating,
that some other node has activated the upgraded compression/
decompression soitware.

17. A computer program comprising computer readable

code which, when run on an apparatus, causes the apparatus
to perform the method of claim 10.

18. A computer program product comprising a non-transi-
tory computer readable medium and computer readable code
according to claim 17, wherein the computer readable code 1s
stored on the non-transitory computer readable medium.

19. A method of updating data compression/decompres-
s1on soitware, the method comprising:

at a compressor and/or decompressor function:

storing a compression table of existing compression/
decompression software;

10
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training an upgraded compression/decompression soit-
ware, wherein the training comprises using real-time
data to train the upgraded compression software and
using the output of the upgraded compression soit-
ware to train the upgraded decompression software;

deactivating the existing compression/decompression
software; and

activating the upgraded compression/decompression
software to process and deliver the real-time data in
dependence upon the compression table of the deac-
tivated compression/decompression software.

20. The method according to claim 19, wherein the step of
storing the compression table comprises uploading the com-
pression table to a storage node, and the method further
comprising retrieving the compression table from the storage
node.

21. The method according to claim 15, wherein said signal
1s 1nserted 1nto the real time data.
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